Objective: To investigate whether topical antiaging compounds can reduce wrinkle depth as noted at replica profilometry with comparable changes in histologic findings in hairless mice.
W

ITHIN RECENT YEARS
there has been increased interest in noninvasive topical treatments to reverse the effects of photoaging on human skin. Over-the-counter cosmetics and antiaging products generate billions of dollars in commerce, and the goal of many of these products such as retinoic acid (RA), ␣-hydroxy acids, and vitamin creams is to reduce wrinkles and improve skin appearance. Newer cosmeceutical products are being marketed, and there is a need for scientific studies about these antiaging products and validation of their claims using clinical testing. 1 Among the topical treatments, RA and its derivatives have been most extensively investigated over the last few decades, and its binding to retinoid receptors and its clinical improvements have been well documented. [2] [3] [4] [5] In the hairless mouse model, RA can repair the damage to skin caused by UV radiation. 6 For stimulating structural reorganization of aged skin, other products such as ␣-hydroxy acid, vitamin C serum, and soybean products also have been marketed to consumers. Recently, peptide preparations have become popular as antiwrinkle agents as new options to treat aging skin. 7 These products have been tested in human patients 8, 9 ; however, they have not been compared with other antiwrinkle agents in a single experiment to test their relative efficacy to resurface the skin and affect histopathologic factors. The present study was conducted to compare basic histologic effects of 3 topical commercial products, that is, RA, soy cream, and a peptide product, in the skin of the hairless mouse model. Most experiments on topical effects of these products have been conducted in the irradiated mouse model. It was deemed of interest to determine whether these products elicit effects in the intact animal on the surface profile and whether they can be correlated with their histopathologic effects. These data would serve as a baseline for our future studies of similar products on the irradiated hairless mouse. These observations may be helpful to make a clinical decision about selecting an appropriate antiaging substance for rejuvenation of aging skin.
METHODS
All animal procedures were performed per approved animal protocol from the institutional animal welfare committee. A group of 7 Skh-1 hairless mice (retired breeders aged 9-12 months) obtained from Charles River Laboratories, Wilmington, Massachusetts, International were used for this experiment. The following antiwrinkle agents were used for daily topical application during 4 weeks: (1) RA (Renova [tretinoin emollient cream, 0.05%]; Ortho Dermatological, Skillman, New Jersey); (2) peptide lotion (LotuSculpt peptide complexes with pentapeptides and hexapeptides; LotuSculpt, distributed by Tracie Martin International LLC, New York, New York); and (3) soy cream (soy rejuvenating serum; Reviva Labs, Inc, Haddonfield, New Jersey). The dorsal skin was marked with a template drawing 9 ϫ 9-mm square with tattoo ink for applying the products. The left side of the animal was treated with Renova, with peptide lotion in the anterior and posterior regions, respectively, with appropriate spacing, and the right side of the same animal was treated with soy cream. Untreated areas of the skin were used as control samples. The animals were humanely killed 1 day after conclusion of the treatment period.
At autopsy, silicon replicas of skin samples were prepared using resin and rings for the evaluation of skin microrelief by Standard Replica Analysis (BIONET protocol published by CuDerm Corp, Dallas, Texas). The replica analysis was performed by David L. Miller, PhD (CuDerm Corp).Two factors of profilometric evaluation were considered in this study, ie, Rz and FSpace. Rz is a traditional roughness texture factor, the value of which increases with more rough surface texture. FSpace is indicative of fine and coarse lines, and its value increases with the disappearance of fine and coarse lines. Therefore, a rough texture will show higher Rz and a lower FSpace.
For histologic analysis, skin samples from compoundtreated and untreated intact areas were excised and flattened on a filter paper and immersed in Bouin-Hollande fluid for 48 hours. Contiguous areas used for preparing silicon replicas were also fixed in a 10% neutral-buffered formalin solution to generate a second set of slides for study. Subsequently, the samples were dehydrated and processed by paraffin embedding. Fivemicrometer to 6-µm sections were stained with hematoxylineosin-phloxine sequence and trichrome procedures.
Sections were also immunostained for epidermal proliferating cell nuclear antigen (PCNA). Deparaffinized sections were pretreated with EDTA, citrate, or LAB solution (Polysciences, Inc, Warrington, Pennsylvania) for heat-induced epitope retrieval. Sections were treated with a blocking solution provided in a commercially available staining kit (Zymed Laboratories, Inc, South San Francisco, California) that uses a biotinylated PCNA monoclonal antibody, streptavidinperoxidase as a signal generator, and diaminobenzidine as the chromogen. After reaction, the sections were lightly stained with hematoxylin, resulting in adequate contrast for counting. The microscope ocular lens was fitted with a square lattice grid. Epidermal nuclei present within the grid were counted with an oil immersion lens at ϫ100, avoiding follicular areas. Nuclei with intense brown staining or sharply stained granules were considered positive for immunoreactivity, and nuclei with diffuse and faint staining were disregarded. The PCNA labeling index is the number of positive nuclei divided by the total number of keratinocyte nuclei times 100. 10 For morphometric analysis, epidermal thickness was manually measured with a calibrated ocular micrometer scale introduced into the microscope eyepiece. Linear measurements were made from the basement membrane to the end of the granular layer in interfollicular sites. [11] [12] [13] [14] The same linear scale was used to measure the depth of the total dermis from the basement membrane to the deeper muscle layer and the width of the collagen layer, which were visualized in procedures with trichrome staining. Readings were taken from skin specimens fixed with both histologic fixatives, and the data were separately analyzed for detecting changes. All morphometric observations are based on data collected from sections from 7 animals. Slide readings were performed in blinded fashion. Results are expressed as mean (SD). Analysis of variance was used to detect overall difference between means of 4 groups (1 control and 3 experimental groups). The Fisher least significant difference test was performed for post hoc analysis of pairwise comparisons to detect differences between group means, and the level of significance was assigned at P Ͻ .05. Statistical tests were performed using commercially available software (Excel, Microsoft Corp; and SPSS version 14.0, SPSS, Inc, Chicago, Illinois).
RESULTS
After 1 month of topical treatment, surface profiles of experimental animals exhibited profound changes. The values of replica analysis revealed that the control skin samples had more rough texture compared with the 3 experimental samples, that is, higher Rz and lower FSpace values (Table, Figure 1, and Figure 2) . Analysis of variance of these quantitative parameters revealed a significant difference between groups (P = .02). Examination of numerical values and the bar graphs indicated that all 3 agents produced notable changes in surface configuration and that the effect of soy cream was almost the same as that produced by RA.
Quantitative histologic results are given in the Table. The epidermal width was augmented after treatment with all 3 agents; the maximum effect occurred Abbreviations: ANOVA, analysis of variance; PCNA-I, proliferating cell nuclear antigen index; RA, retinoic acid; Zb, Zamboni solution.
(REPRINTED) ARCH FACIAL PLAST SURG/ VOL 11 (NO. 5), SEP/OCT 2009with RA. The 3 cellular layers became well differentiated and expanded after application of the topical agents, and hyperplasia was noted without any epidermal dysplasia or atypia (Figures 3, 4 , and 5). This trend was observed in both sets of tissue samples treated with different fixatives. Immunohistochemistry of PCNA revealed an increased proliferation index of epidermal keratinocytes; the maximum response was noted with RA, and comparable values were found in skin samples treated with peptide lotion or soy cream (Figures 6, 7, and 8) . Measurement of total dermis thickness demonstrated significantly higher values in all 3 treatment groups; peptide treatment produced an almost equal effect as that with RA. The collagen bundle width in the upper dermis area, which could be easily differentiated in trichrome preparations, showed almost similar expansion with RA and peptide treatment and a lower value after soy treatment ( Figure 9 ). This trend was observed in tissue specimens processed with both fixatives.
COMMENT
Literature on experimental study of comparison of relative efficacy of over-the-counter topical antiwrinkle agents is limited despite popular concern about the cutaneous effects of the numerous commercially available topical noninvasive treatment products. In similar experiments, it is also imperative that surface replica profiles be simultaneously compared with histopathologic alterations elicited by various topical creams and lotions. The present study somewhat provides this information and gives a correlative account about the effects of the 3 tested agents. When comparing overall effects, all 3 agents produced discernible improvement in surface profiles and notable histologic effects on both compartments of the skin, the epidermis and the dermis. There is extensive literature about products containing RA that have been used to rejuvenate photoaged skin and to treat certain dermatologic conditions. [15] [16] [17] Retinoic acid causes a myriad of histopathologic changes after topical application. 6, 18, 19 The pronounced epidermal thickening with RA noted in the present study can be presumed to be a result of its molecular action through nuclear receptors and activation of growth factors. 3, 20 Increased DNA synthesis with RA has been described in earlier articles. 11 Use of RA also leads to production of hyaluronan, which is a glycosaminoglycan and a major component of extracellular matrix. 21 A 2-week course of treatment with RA in the hairless mouse led to increased staining of glycosaminoglycans in the epidermis. 11 The observed epidermal response concurs with similar stimulatory effects described in the intact or nonirradiated hairless mouse. 22, 23 Despite their clinical usefulness, topical retinoid agents are known to cause skin irritation and photosensitivity. 24 Patients reacting to tretinoin with retinoid dermatitis often must undergo a 3-month period of erythema and skin peeling for adjustment or use a lower concentration of the agent. 3 The use of topical tretinoin has also been causally linked to death from lung cancer. 25 The search for antiwrinkle agents without such putative problems has gained interest among researchers in recent years.
Peptide effects in the mouse skin were in many ways comparable to those with RA treatment under the present conditions. To reverse facial photodamage or solar scarring due to damaged collagen, topical growth factors or pep- tide molecules have been tested in a clinical setting. Topical growth factors resulted in repaired photodamage, new collagen formation, and improved wrinkle profiles. 26 Collagenlike peptides had notable antiwrinkle effects in women volunteers when examined using silicone replica analysis. 9 Immunohistochemistry also showed that ex vivo human skin samples treated with collagenlike peptide demonstrated enhanced synthesis of extracellular matrix molecules. 8 Such a mechanism may be postulated to explain the dermal responsiveness in the hairless mouse model used in the present study.
Although the commercial soy product tested in the present study had the least morphologic effect of the 3 agents, its stimulatory effects on epidermal thickness and proliferation were noticeable and are reminiscent of the beneficial effects of soy products on the skin in reported in vivo and in vitro studies. Cultured human fibroblasts showed increased collagen and hyaluronan synthesis after use of soy extracts, and isoflavone-containing emulsion topically applied on human skin increased the number of dermal papillae. 27 Soy extract can stimulate growth of quiescent human epidermal keratinocytes under certain conditions. 28 In our study, topically applied soy extract did not expand the width of collagen bundles as much as the RA and peptide solutions did, although there was an apparent increase in soy-mediated total dermal width. This may indicate simply that there was a hydration effect from the soy treatment without increasing collagen synthesis. However, such gross morphometric measurements do not portend collagen synthesis at the biochemical level. A 2-week course of treatment with topical isoflavones increased the density and intensity of dermal hyaluronan content in the hairless mouse model without affecting its thickness. 29 Soy isoflavones reverse UV-induced photoaging in the hairless mouse model as judged by multiple criteria. 30, 31 In the present study, wrinkle effacement was notably induced by the 3 commercial preparations, and histomorphologic alterations were simultaneously observed. This leads to speculation as to whether the morphologic changes in the epidermis or the dermis after treatment might have contributed to improved surface profiles of the mouse skin. In normal aging human skin, wrinkles are believed to be caused by decreased skin collagen, abnormal elastic tissue, or decreased chondroitin sulfate in the dermal matrix. 32, 33 Experimental studies in the hairless mouse have indicated a role of dermal collagen and epidermal keratin in wrinkle formation. [34] [35] [36] These studies were conducted after repetitive UV irradiation in this animal model. Whether similar mechanisms were operating in healthy nonirradiated hairless mice treated with these 3 agents remains speculative until further immunocytochemical or histochemical analyses are conducted. The profilometric effect of soy was similar to that of the other 2 agents despite its being least effective in terms of morphologic changes.
The present study should be considered an overview of the morphologic and profilometric effects of 3 commercial antiwrinkle agents tested in the hairless mouse model. At least 2 of these agents, RA and soy, have been found to counter the damaging effects of photoradiation in hairless mouse skin as reported by other investigators. 2, 22, 30 The comparison of peptide preparations or similar agents as protective agents against photodamaged murine skin merits further investigation. 
